Europaisches Patentamt

0 European Patent Office (D) Publication number: 0 367 439
Qffice européen des brevets A2

®@ : EUROPEAN PATENT APPLICATION

@) Application number: 89310623.7 @ int.cls G11B 5/127 , G11B 5/187

@) Date of filing: 17.10.89

G11B 5/29 , G11B 5/31 ,
G11B 5/11 , //G11B5/40

Priority: 01.11.88 US 265620

Date of publication of application:
09.05.90 Bulletin 90/19

Designated Contracting States:
CH DE FR LI NL

D)

©

Applicant: AMPEX CORPORATION
401 Broadway M.S. 3-35
Redwood City California 94063-3199(US)

inventor: Pisharody, Raghavan K.
792 Matadero Avenue

Palo Alto California 94306(US)
Inventor: Miller, Sidney D.

113 Mercy Sreet

Mountain View California 94041(US)
Inventor: Gooch, Beverley R.

703 Chopin Drive

Sunnyvale California 94087(US)
inventor: Petersen, David A.

1735 Spruce Street

Berkeley California 94709(US)

Representative: Horton, Andrew Robert Grant
et al

BOWLES HORTON Felden House Dower
Mews High Street

Berkhamsted Hertfordshire HP4 2BL(GB)

@ Magnetic heads with superconductor shields.

@ Structures of magnetic heads having supercon-

ducting shields are disclosed for spatially directing

magnetic recording/playback fields. One embodi-
e\ ment is a thin film magnetic head with a layer (44) of
 superconductor material associated with its throat.

Further embodiments provide intertrack shielding

and concentration of recording/playback fields into
< relatively small pole tip regions.

EP 0 367

Xerox Copy Centre



1 EP 0 367 439 A2 2

The present invention relates to magnstic re-
cording and playback heads having superconductor
shields for spatially directing magnetic fields used
in recording and playback operations.

Magnetic heads are in wide use for the record-
ing and.or playing back of analog or digital data
stored on magnetic recording medium such as
tapes or disks. Prior art recording heads typicaily
consist of a ferromagnetic core defining a magnetic
flux path which 1s closed except for a gap. A
conductor such as a coil is electromagnetically
coupled to the core. In recording, a current is
passed through the conductor to produce the flux
in the core and to produce at the gap a fringing
field which impinges a portion of the magnstic
medium immediately adjacent the gap. The fringing
field locally magnetizes the medium. In playback, a
magnetized region of the medium moving past the
gap causes a flux change in the core. This flux
change induces a current in a conductor which
provides a data signal.

It is known that superconductors can exhibit
useful magnetic shielding properties. For example,
U.S. Patent No. 3,361,940 to Culver et al. discloses
a technique for providing a superconductive mag-
netic shield devoid of substantially trapped mag-
netic flux. The effect of superconductors on mag-
netic flux have been modelled and techniques of
_ magnetic flux compression based on such models
have been proposed, as in Swartz st al
"Characteristics and a new application of high-field
superconductors”, J. App. Phys., Vol. 33, No. 7
(July 1962). - T

In the area of magnetic head design, it has
been generally proposed to improve the recording
and reproducing characteristics of a low tempera-
ture magnetic head by forming a gap spacer of a
superconductor material between head halves, as
shown in JP-A-60-154315.

It is desirable to provide magnetic heads which
are capable of concentrating a greater amount of
magnetic flux in a smaller region of the magnetic
medium. In this way each sequential bit of re-
corded data will occupy less of the magnetic me-
dium and data tracks can be placed closer to one
another. In recording, as data density increases
(e.g. to above 600 flux reversals/mm) the allowable
spread of the magnetic field decreases. In
playback, a smaller magnetized region of the re-
cording medium must suffice to produce a detect-
able electrical signal from the head.

The application and detection of magnetic flux
in small regions is achievable, in part, by reducing
the size of the track width and gap of a conven-
tional recording head. However, unless great care
is given to the geometric design of the core, the
fringing field can spread along the core thereby
degrading performance. Moreover, reductions in
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size of the core can lead to significant manufactur-
ing difficulties in achieving the required dimen-
sional tolerances and durability. In spite of these
efforts, the magnetic flux produced by such heads
may be insufficiently focused to produce the de-
sired density of data storage.

Accordingly, it is an object of the present in-
vention to provide magnetic head structures for
concentrating magnetic flux used in playback and
recording.

It 1s another object of the present invention to
increase magnetic record/playback head efficiency.

It is another object of the present invention to
provide head structures for concentrating magnetic
flux, which are readily manufacturable.

It is another object of the present invention to
provide magnetic head structures which are more
durable.

SUMMARY OF THE INVENTION AS CLAIMED

The present invention generally provides a
magnetic head for use with a magnetic recording
medium, comprising: a core including a first and a
second deposited layer of ferromagnetic material,
each layer having a pole portion, each pole portion
lying in a plane generally paraliel to the other and
generally perpendicular to an intended direction of
motion of the recording medium, said- pole portions
being separated by a gap; a conductor, electro-
magnetically coupled to said core; and a layer of
superconductor material located between the pole
portions in the gap for excluding magnetic flux
from the gap.

According to one embodiment of the invention,
a multi-track magnetic head comprises a plurality
of magnetic cores each associated with a recording
track and each having a gap in an exposed face
thereof, wherein the exposed faces of the cores are
adapted to be located adjacent corresponding
tracks on recording medium; and at least one inter-
track shield of superconducting material disposed
between adjacent magnetic cores and extending to
the exposed face of said cores.

According to another embodiment of the inven-
tion, a magnetic head for recording data on a
moving magnetic medium comprises a core having
a magnetic flux path which is closed except for a
gap between a leading pole portion and a trailing
pole portion of said core, the pole portions each
having surfaces in generally the same plane, the
surfaces being adapted for positioning adjacent the
magnetic medium; a conductor for inducing a mag-
netic flux in said core in response to an electric
current applied to the conductor; and a pole shield
composed of superconductor materiai for the trail-
ing pottion of the core, said pole shield having a
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surface generally in the plane of the pole portion
surfaces, and being located between the recording
medium and the bulk of the trailing pole portion
except for an exposed trailing pole tip located
adjacent the gap, whereby the magnetic field of the
head is concenirated at the trailing pole tip to
restrict spreading of magnetization of the magnetic
medium in the direction of movement of the me-
dium.

According to yet another embodiment of the
invention a longitudinal magnetic head for use with
a magnetic recording medium which moves in a
plane adjacent to the head, comprises a magnetic
core having a magnetic flux path which has a gap
between the pole portions of said core, wherein
surfaces of said pole portions disposed nearest the
plane of the recording medium slope away from
the plane of the recording medium as their dis-
tance from the gap increases; and superconductor
pole tips located such that the said surfaces of the
pole portions of the core are covered by the super-
conductor pole tips except for narrow exposed re-
gions adjacent the gap, whereby the magnetic field
of the head is concentrated in the narrow exposed
regions of said pole portions.

According to another embodiment of the inven-
tion a thin film magnetic recording head with a
shielded throat portion for use with a magnetic
recording medium comprises a thin film core defin-
ing a magnetic flux path which has a gap between
generally parallel pole portions of the core; a con-
ductor, electromagnetically coupled to said core;
and a layer of superconductor material located in
the gap for excluding magnetic flux from the gap;
wherein said pole portions and superconductor lay-
er define a throat portion of the head which termi-
nates at a surface adapted to be disposed adjacent
to the magnetic recording medium whereby said
layer of superconductor excludes magnetic flux
from the gap thereby reinforcing a fringing field
emanating from the pole portions of said core
which impinges on the magnetic recording me-
dium.

SUMMARY OF PREFERRED EMBODIMENTS

One preferred embodiment of the present in-
vention is a thin film magnetic head for use with a
magnetic recording medium. The magnetic record-
ing head may include a core of ferromagnetic
material deposited as two overlying thin film layers.
A coil, preferably a deposited spirai of a metallic
thin film, is provided for electromagnetic coupling
to the core. The core defines a magnetic flux path
which is closed except for a gap between generally
parallel pole portions of the core. These pole por-
tions may be disposed generally perpendicularly to
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a direction of motion of the recording medium. The
pole portions are separated by a gap in which a
layer of superconductor material is located.

The pole portions and superconductor layer of
the thin film recording head define a throat portion
of the head which terminates at a surface where
pole tips are exposed. This throat portion is adapt-
ed to be disposed in operation adjacent and par-
allel to the magnetic recording medium. The layer
of superconductor material in the gap acts to ex-
clude magnetic flux from the gap. In recording, the
presence of the superconductor layer provides an
infinite reluctance path in the gap which eliminates
gap shunting. Similarly, in playback, the supercon-
ductor layer provides an infinite reluctance path in
the gap. In contrast., conventional conductive in-
serts in the gap still provide a path for some flux.

The thin film magnetic recording head de-
scribed above may also include layers of the core
pole portions opposite the gap. The thickness of
the core may be reduced at the pole portions of
the core. The layers of superconducting material
located on faces of the pole portions facilitate the
concentration of the fringing field of the head at
exposed pole tips to restrict spreading of magnetiz-
ation of the magnetic medium away from the gap
and to reduce interirack coupling. The structure
may further include an etched planar member de-
fining a least one channel for conducting a refriger-
ant in the vicinity of the throat to maintain the
superconducting layers at a emperature where they
exhibit the Meissner effect.

In a thin film head embodiment of the present
invention, the gap and throat portion of the head
may extend more than 0.001 inch (25 microns) in a
direction generally perpendicular to the motion of
the recording medium. This dimension is com-
monly referred to as throat height or gap depth.
Since the superconductor material in the gap ex-
cludes magnetic flux from the gap, the thin film
head may be formed with a throat portion which is
longer than would be practical without the super-
conductor shield in the gap.

In another embodiment of the present inven-
tion, cores of a multi-track magnetic recording head
are shielded from one another by a layer of super-
conductor. In this device a plurality of magnetic
cores, each associated with a recording track and
each having a gap in an exposed face thereof, are
located adjacent one another. At least one inter-
track shield of superconducting material is dis-
posed between adjacent magnetic cores. The
superconducting material shield extends to the ex-
posed face of the cores. Such a multi-track record-
ing head may further comprise an outer shield of
superconducting material which surrounds the plu-
rality of magnetic cores and the intertrack shields.

In another embodiment of the present invention
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a magnetic head for recording data on a moving
magnetic medium is provided which includes pole
shields made of superconductor material. Such a
magnetic head may include a core having a mag-
netic flux path which is closed except for a gap
between a leading pole portion and a trailing pole
portion of the core. As used in this specification,
the terms "leading” and "trailing"” refers to the
position of a head structure relative to the direction
of motion of the magnetic medium. For example,
the pole first encountered by a particular portion of
the magnetic medium 1s the leading pole and the
last encountered by the portion of the magnetic
medium is the tralling pole. The leading and trailing
pole portions in the current embodiment each have
exposed surfaces in generaily the same plane, the
surfaces being adapted for positioning adjacent the
moving magnetic medium. As before, a conductor
is provided for inducing a magnetic flux in the core
in response to an electric current applied to the
conductor. A pole shield made of superconductor
material may be applied to at least the ftrailing
portion of the core. The pole shield may have a
surface generally in the plane of the exposed pole
portion surface and be located between the record-
ing medium and the bulk of the trailing pole portion
except for an exposed trailing pole tip located
adjacent the gap. This configuration facilitates the
production of a magnetic field which is concen-
trated at the trailing pole tip to restrict spreading of
magnetization of the magnetic medium in the direc-
tion of movement of the medium. In an alternative
embodiment, a pole shield may be provided for the
leading and trailing pole portions of the core of a
magnetic recording head. In this embodiment sur-
faces of the pole portions disposed nearest the
plane of the recording medium may be chamfered
so that the surfaces slope away from the plane of
the recording medium as distance from the gap
increases. The superconductor pole shields may
be located on the chamfered surfaces of the pole
portion of the core. In this arrangement the cham-
fered surfaces of the pole portions of the core are
covered by the superconductor pole shields except
for narrow regions adjacent the gap. whereby the
magnetic field of the head is concentrated in the
narrow exposed regions of the pole portions.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a is a cross-sectional perspective
view of a thin film magnetic head with supercon-
ductor shielding.

Figure 1b is a cross-sectional view of the
magnetic head of Figure 1a taken along plane b-b.

Figure 1c is a cross-sectional view of the
magnetic head of Figure 1a taken along plane c-c.
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Figure 1d is a cross-sectional view of a
throat portion of a prior art thin film magnetic
recording head taken along a plane perpendicular
to the constituent thin film layers.

Figure 1e is a cross-sectional view of a
throat portion of a thin film head embodiment of the
present invention with refrigerant channels the
cross-section being taken along a plane perpen-
dicular to the constituent thin film layers.

Figure 2a 1s a perspective view in partial
cross-section of a multi-track magnetic head with
superconductor shields.

Figure 2b is a plan view of the magnetic
head of Figure 2a.

Figure 2c is a schematic depiction of a low
side leakage magnetic head.

Figure 3 is a schematic depiction of a ring
head for longitudinal recording with a superconduc-
ting pole shield.

Figure 4 is a schematic depiction of a probe
magnetic head for perpendicular recording known
in the prior art.

Figure 5 is a schematic depiction of a probe
magnetic head for perpendicular recording with
superconductor pole shields.

Figure 6 is a schematic depiction of a mag-
netic head with superconductor shields on both
poles.

DETAILED DESCRIPTION

Figure 1a is a cross-sectional perspective view
of a thin film magnetic head 10 with superconduc-
ting shielding configured in accordance with the
preferred embodiment of the present invention. The
magnetic head 10 has a principal plane b-b which
is perpendicular to the plane of the drawing and
which is perpendicular to the principal plane of a
magnetic recording medium 12 such as a magnetic
disk or magnetic tape. A cross-sectional view of the
head taken along plane b-b is presented as Figure
1b. Figure 1b illustrates the arrangement of a spiral
conductor used in both a prior art thin film mag-
netic recording head and in the thin film recording
head of a preferred embodiment of the present
invention. A plane view of the device of Figure 1a,
taken along plane c-c is presented as Figure 1c.

As in the prior art, the thin film magnetic re-
cording head has a core 13 which may consist of a
first layer 14 of ferromagnetic alloy, such as per-
malloy, and a second layer of such material 16.
These two layers may be in direct contact with one
another in the area identified by numeral 18. As
one moves toward the magnetic recording medium
12, the layers 14 and 16 separate to provide a
region for a conductor array or coil 20 between the
layers. The conductor array or coil may be formed
on a silicon or ceramic substrate 21 and may be
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separated from the core by organic or inorganic
insulators. Moving closer yet to the magnetic re-
cording medium 12, the layers 14 and 16 are
located closer together to define a gap 22.

The structure of the prior art gap region is best
iliustrated with reference to Figure 1d. As shown in
that Figure, the first core layer 14 and second core
layer 16 come together to define gap 22. Pole
portions 24 and 26 of each of the layers of the core
are separated by a non-magneticmaterial 23 in the
gap. such as SiOz or Al2O; and together constitute
a throat portion of the head. The linear dimension
of the throat in a direction perpendicular to the
direction of motion of the recording medium is
indicated by the dimension D in Figure 1d. The
linear dimension of the throat in a direction parallel
to the motion of the recording medium is indicated
by the dimension L (gap length) in Figure 1d and is
typically of the order of one micron.

In the prior art thin film magnetic recording
head. the various constituent layers 14, 16, 20, 21
and 23 may be formed as thin films using conven-
tional deposition and photolithographic technology.

In the prior art, such thin film magnetic heads
have been made with narrow track widths and
narrow gap lengths for applications involving high
bit densities. In such application, to optimize opera-
tion of the head, the throat depth D has been
reduced to the minimum possible length, advanta-
geously less than 25 microns. Otherwise the mag-
netic energy generated in the head will be largely
dissipated through magnetic flux between the pole
portions 24 and 26 in the gap. The reduction of the
throat depth D permits a greater amount of the
magnetic flux in the system to appear as a fringing
flux indicated by the arrows identified by the nu-
meral 28.

In operation in both the prior art thin film mag-
netic recording head and in the thin film recording
head of a preferred embodiment of the present
invention, data may be recorded on or played back
from the magnetic recording medium 12. In a re-
cording operation, an electric current may be ap-
plied to the conductor 20 in a direction generally
perpendicular to the plane of Figure 1a, as in-
dicated by the arrow head 30. This current may
induce a flux in the core of the recording head as
indicated by arrows 32. A fringing flux 34 may be
produced in the vicinity of a local region in the
recording medium 12. Successive application of
current to the recording head and movement of the
magnetic recording head and movement of the
magnetic recording medium in the direction in-
dicated by the arrow 36 may be used to produce
the pattern of magnetization in the medium as in
this pattern of magnstization. In playback, patterns
of magnetization sequentially move past the gap 22
of the magnetic recording head. A demagnetizing
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field, extending above the recording medium, pro-
duces a flux in the core of the recording head and
induces a voltage in the conductor 20. This in-
duced voltage in the conductor may be employed
as a signal indicative of the data encoded in the
magnetic recording medium.

The embodiment of the present invention illus-
trated in Figures 1a, 1c and 1e employs one or
more superconductor shields to produce higher flux
densities and improve the efficiency and manufac-
turability of the thin film magnetic recording head.
As is shown best in Figure 1a, the separation
between the layers of core material 14 and 16
narrows in a gap region of the magnetic head
defined by pole portions 40 and 42. A layer of
superconductor material 44 is located in the gap
region. Preferably, layers of superconducting ma-
terial 46 and 48 are located on faces of the pole
portions 40 and 42 opposite the gap 22. In the is
configuration the pole portions are shielded except
for their exposed surfaces or tips and the magnetic
flux lines are shunted across the gap into the plane
of the recording medium. Also, since the gap has
an extremely high reluctance, the gap depth be-
comes a much less critical parameter in the effi-
ciency of the head. Thus, since it does not have to
be closely controlled in production, manufacturing
yield should increase significantly. The inductance
of this head will be lower than that of a typical prior
art thin film head. This allows much higher signal
bandwidth.

In the embodiment of Figure 1a, the thickness
of core layer 14 is reduced in the throat region of
the magnetic head. this region of reduced thick-
ness constitutes the pole portion of the core layer
14. The layer of superconducting material 46,
which lies on the face of the layer 14 opposite the
gap, tends to concentrate the fringing field of the
head at the exposed tip 50 of the ftrailing pole
portion 40 thereby restricting spreading of mag-
netization of the magnetic medium in the direction
of movement of the medium.

Figure tc illustrates the structure of the face of
the magnetic recording head of Figure 1a. In par-
ticular, the pole portions 40 and 42 are illustrated
along with the layers of superconducting shielding
material 44, 46 and 48, described above. In addi-
tion, superconducting material is located adjacent
to edges 52 of the pole tips. The provision of the
superconductor material on the edges of the pole
portions of the core tends to reduce intertrack
cross-talk and to concenirate the fringing field of
the magnetic head in the desired small portion of
the magnetic recording medium.

In operation, by virtue of the Meissner effect
magnetic flux is excluded from the gap region of
the magnetic head 10 by the superconductor. Sub-
stantially ail of the magnetic flux extends from the
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core into the medium rather than being shunted
across the gap.

In one embodiment of the present invention the
superconductor layers are made of a high tempera-
ture superconductor such as a yttrium barium cop-
per oxide superconductor material which may ex-
hibit the Meissner effect at the ambient tempera-
ture of the head without requiring direct contact
with cryogenic liquified gases. As other supercon-
ductor materials are developed or discovered
which have critical temperatures that are at or near
ambient room temperature, it is expected that they
can be employed with equal success in implemen-
tations of the present invention.

An alternative embodiment employing a lower
temperature superconductor material is illustrated
in Figure 1e. In the Figure, the throat region of the
magnetic tape head is illustrated. Adjacent the
superconductor layers 46 and 48, walls 54 and 56
may be provided for confining a refrigerant. In a
preferred embodiment the walls 54 and 56 are
formed from layers having regions 58 and 60
stched therein. The core and superconductor
shields are located between the walls 54 and 56. In
operation, a cryogenic liquid may be introduced
into regions 58 and 60 of the structure of Figure 1e
to maintain the superconducting layers of the head
at a temperature where the superconductor materi-
als exhibit the Meissner effect. In particular, liquid
nitrogen may be supplied to the regions 58 and 60
to provide adiabatic cooling of the superconduc-
tors. Walls 54 and 56 prevent the refrigerant from
contacting the recording medium.

Typically, the playback preampiifiers that are
employed in magnetic reproduction machines ex-
hibit thermal noise. Preferably, the preamplifier can
be located in an area that is cooled by the cryo-
genic liquid, to thereby reduce the noise inherent
to these devices.

Because the superconductor material layer 44
excludes magnetic field from the gap of the mag-
netic head, the depth of the throat D of the mag-
netic head is not a critical dimension. A planar
surface 62 which is disposed adjacent the mag-
netic recording material may be formed by lapping
the edge of the thin film recording head. It will be
understood that the exact amount of material re-
moved in the lapping process is not important
because the dimension D of the throat is not critical
to the performance of the magnetic head in this
embodiment of the present invention. In addition,
because a greater throat depth can be tolerated, it
is possible to provide members 54 and 56 and
channels 58 and 60 to introduce a cryogenic refrig-
erant in the vicinity of the gap to maintain the
superconducting material at the requisite tempera-
ture.

Figures 2a and 2b illustrate a muiti-track mag-
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netic head constituting another embodiment of the
invention.

Multi-track heads are known in the prior art. In
such heads a plurality of magnetic cores are ar-
rayed adjacent one another. To reduce cross-talk
caused by flux leakage (interhead coupling) in the
prior art, magnetic shielding was sometimes pro-
vided between the cores. In one prior art embodi-
ment, a copper laminated magnetic shielding was
provided between the respective multi-track cores.
To prevent the shields from shorting the gap flux of
the cores, a nonconducting ceramic fillet was pro-
vided to separate the shield from the respective
cores between which it was positioned. This prior
art arrangement had the disadvantage that it did
not sufficiently reduce cross-talk caused by flux
leakage for all applications. In addition. the copper
shields are soft in comparison to the cores and
ceramic fillets used to make up the head. This in
turn caused uneven machining of the head and
uneven wear during use.

Another embodiment of a multi-track magnetic
head shown in Figure 2a and is denoted by the
numeral 70. As in the prior art, the head consists of
a plurality of magnetic cores 72 each having an
electrical conductor or coil 74 associated therewith.
In this embodiment of the present invention, adja-
cent cores are separated by a ceramic supercon-
ductor inter-track shield 76. These shields may be
separated from the core 72 by a lanthanum titanate
or similar ceramic fillet as shown in Figures 2a and
2b or the cores can be put in direct contact with
the superconductor since the superconductor ex-
cludes the magnetic field and would therefore not
short the gap flux of the cores.

A face of the magnetic recording head adapted
to be disposed adjacent to the magnetic recording
material is shown in plan view of Figure 2b. Each
core 72 is associated with a track iilustrated sche-
matically at numerals 78. A fringing field produced
at gaps 80 of the core 72 may be used to selec-
tively magnetize the recording material to impart
data onto the tracks 78.

In operation the interfrack shields 76 exclude
magnetic flux and thereby reduce cross-talk be-
tween the cores 72 of the multi-track head. This in
turn permits the use of narrower tracs, and con-
sequently, the recording of a higher density of data
on the magnetic medium.

In the embodiment of the present invention
shown in Figures 2a and 2b an outer box shield 82
of superconductor material may be provided. The
shield layers 82 may be formed on surfaces such
as surface 84 and surface 86 which extend away
from the recording medium.

The superconductor shields employed in the
device of Figures 2a and 2b can be fabricated in
thin layers by conventional hot pressing, dicing and
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grinding technology used in ceramic fabrication.
The heads can be assembled by alternating super-
conductor shield layers, ceramic spacers or shims,
and the cores to form magnetic head stacks.

Figure 2c illustrates the use of shielding tech-
niques employed in the multi-track head of Figures
2a and 2b in the production of a zero side-reading
head 90. Such a head is useful in applications
where narrow, closely spaced tracks are employed.
In such environments, the head may tend to link
with flux from adjacent tracks in playback oper-
ations. As shown in Figure 2c superconductor ma-
terial layers 92 and 94 are placed on either side of
the core 96. A coil 97 is wrapped around core
poles 99 and the associated layers of supercon-
ductor material. .

The superconductor layers will reject all flux
from the adjacent tracks thereby eliminating the
side reading effect. In addition, the superconductor
layers will reduce the leakage of flux from the head
gap 98 and result in lower inductance.

Figure 3 depicts a ring head for longitudinal
recording employing a pole shield of superconduc-
ting material in accordance with another embodi-
ment of the present invention. In this embodiment a
core 100 is provided having a magnetic flux path
indicated by arrows 102 which is closed except for
a gap 104. The gap 104 lies between a leading
pole portion 106 and a frailing pole portion 108 of
the core. Each of the pole portions 106 and 108

has a surface, 110 and 112, respectively, in gen-’

erally the same plane, the surfaces 110 and 112
being adapted for positioning adjacent the mag-
netic medium. A conductor, in the form of a coil of
wire 113, is provided for inducing a magnetic flux
in the core in response to an electric current ap-
plied to the conductor. A pole shield 114 made of
superconductor material is provided on the trailing
portion of the core. The pole shield 114 has a
surface 116 which is in the plane of the pole
surfaces 110 and 112. Additionally, the pole shieid
114 is adapted to be located between the recording
medium 115 and the bulk of the trailing pole por-
tion 108 except for an exposed trailing pole tip 118
whose surface is indicated by the numeral 112,

in operation, the magnetic field of the head is
concentrated at the trailing pole tip 118 as in-
dicated by the arrows. This restricts the spreading
of magnetization of the magnetic medium in the
direction of movement of the medium, indicated by
arrow 119. As a result the recording field sharply
decays at the trailing pole tip 118 and is capable of
producing higher degree of definition between
areas of magnetization 121 on the recording me-
dium as the recording medium passes away from
the head. Typically the length of the trailing pole
surface 112 (i.e., its linear dimension in the direc-
tion of motion of the recording medium) may on
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the order of 1-2 mils. To assure long wavelength
response the corresponding length of the leading
pole surface 110 may be 50 times that of the
trailing pole surface 112.

Figure 4 illustrates a probe magnetic head
known in the prior art for perpendicular recording.
In perpendicular recording, a vertical recording field
120 is produced by the recording head 122. The
vertical recording field impinges upon a recording
medium 124 and may be employed to induce
magnetization in selected regions of the recording
material 124. An example of the vertical orientation
of the magnetization of the recording medium is
illustrated by the arrows 126 in Figure 4.

In the prior art perpendicular recording head. a
coil 128 and core 130 are employed as indicated.
Between halves of the core a probe member 132 is
positioned. The probe member 132 tends to con-
centrate the fringing field of the head outward from
the face of the head into the magnetic recording
medium to facilitate perpendicular recording.

In Figure 5 a probe magnetic recording head
for perpendicular recording made in accordance
with the teachings of the present invention is illus-
trated.

In addition to a core 134, coil 136 and probe
member 138, the head includes superconductor
shields 140, 142 and 144 having exposed surfaces
lying adjacent the recording medium. The Meissner
effect of the superconductor layers confines the
head flux to the probe member 138 and to a small
region 146 of the pole portion 148 of the core. This
provides a substantially vertical field in the vicinity
of the recording media while maintaining an effi-
cient flux closure path.

Figure 8 illustrates another embodiment of the
present invention. In the embodiment of Figure 6,
as in the prior art, a magnetic head 150 for longitu-
dinal recording includes core halves 152 and 154
separated at a gap 156 and a coil 158, electromag-
netically coupled to the core. In the use of such
heads in the prior art, low frequency modulations
(head bumps) are sometimes encountered, which
result from tape flux coupling to part of the core
other than at the gap. Thus flux adds to the gap
flux, either constructively or destructively, produc-
ing unwanted moduiation.

In the embodiment of the present invention
ilustrated in Figure 8, superconductor pole tips 160
and 162 are placed on the core to prevent "head
bumps”.

Surfaces 164 and 166 of the pole halves 152
and 154 closest to the recording medium 168 are
chamfered so that the surfaces slope away from
the plane e-e of the recording medium as the
distance from the gap 156 increases. The cham-
fered surfaces 164 and 166 are covered by the
superconductor pole tip shield 160 and 162, re-
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spectively whose thickness decreases as one
moves toward the gap. Narrow regions 170 of the
pole halves 152 and 154 are exposed adjacent the
gap.

In operation of the head of Figure 6, the mag-
netic field of the head is concentrated in the narrow
exposed regions 170 of the core, so that the tape
flux is coupled to the core only at the gap area.
The flux coupling to other parts of the core is
virfually eliminated and a smoother low frequency
response results.

Claims

1. A magnetic head for use with a magnetic
recording medium comprising: a core including a
first (14) and a second (16) layer of ferromagnetic
material, each layer having a pole portion (40, 42),
each pole portion lying in a plane generally parallel
to the other and generally perpendicular to an
intended direction of motion of the recording me-
dium, said pole portions being separated by a gap
(22); a conductor (20), electromagnetically coupied
to said core; and a layer {44) of superconductor
material located between the pole portions in the
gap for excluding magnetic flux from the gap.

2. A magnetic head according to claim 1, fur-
ther comprising: a layer (48) of superconductor
material located on an outer face, relative to the
gap, of the first core layer (14), a layer (48) of
superconductor material located on an outer face.
relative to the gap of the second core layer (186).

3. A magnetic head according to claim 2, fur-
ther comprising layers of superconducting material
located on edges of the pole portions of said core
layers.

4. A magnetic head according to any foregoing
claim, wherein said conductor (20) includes a spiral
of metal film on a substrate (21), at least a portion
of the spiral lying between said core layers (14, 16)
in a region where said core layers are separated by
a further distance from each other than at the gap-
(22).

5. A magnetic head according to any foregoing
claim, wherein the gap (22) extends for more than
25 microns in a direction generally perpendicular to
a presumed direction of motion of the recording
medium.

6. A magnetic head according to claim 5,
wherein the pole portions (14, 16) and layer (44) of
superconductor material are lapped in a plane gen-
erally perpendicular to the direction of motion of
‘the recording medium.

7. A multi-track magnetic head (70) comprising:
a plurality of magnetic cores (72) each associated
with a recording track and each having a gap in an
exposed face (80) thereof, wherein the exposed
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faces of the cores are adapted to be located adja-
cent corresponding tracks on recording medium;
and at least one intertrack shield (76) of supercon-
ducting material disposed between adjacent mag-
netic cores and extending to the exposed face of
said cores.

8. A multi-track magnetic head according to
ciaim 7, further comprising an outer shield (82) of
superconducting material surrounding said plurality
of magnetic cores and said at least one intertrack
shield on surfaces of the multi-track head extend-
ing away from the recording medijum.

9. A magnetic head for recording data on a
magnetic medium comprising: a core (100} having
a magnetic flux path which has a gap (104) be-
tween a leading pole portion (108) and a trailing
pole portion (108) of said core, the pole portions
each having surfaces in generally the same plane,
the surfaces being adapted for positioning adjacent
the magnetic medium; a conductor (133) for induc-
ing a magnetic flux in said core in response to an
electric current applied to the conductor; and a
pole shield (114) composed of superconductor ma-
terial for the trailing portion of the core, said pole
shield having a surface (116) generally in the plane
of the pole portion surfaces, and being Jlocated
between the recording medium and the bulk of the
trailing pole portion except for an exposed trailing
pole tip (118) located adjacent the gap, whereby
the mangetic field of the head is concentrated at
the trailing pole tip to restrict spreading of mag-
netization of the magnetic medium in the direction
of movement of the medium.

10. A magnetic head according to claim 9,
wherein the leading pole surface has a length at
least twice that of the trailing pole surface.

11. A magnetic head according to claim 9,
wherein said trailing pole portion includes a probe
member.

12. A longitudinal magnetic head for use with a
magnetic recording medium which moves in a
plane adjacent to the head comprises: a magnetic
core having a magnetic flux path which has a gap
between the pole portions of said core, wherein
surfaces (164, 116) of said pole portions disposed
nearest the plane of the recording medium slope
away from the plane (e-e) of the recording medium
as their distance from the gap increases; and
superconductor pole tips (160, 162) located such
that the said surfaces of the pole portions of the
core are covered by the superconductor pole tips
except for narrow exposed regions adjacent the
gap, whereby the magnetic field of the head is
concentrated in the narrow exposed regions of said
pole portions.

13. A thin film magnetic recording head with a
shielded throat portion for use with a magnetic
recording medium comprising: a thin film core de-
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fining a magnetic flux path which has a gap be-
tween generally parallel pole portions (40, 42) of
the core: a conductor, electromagnetically coupled
to said core: and a layer (44) of superconductor
material located in the gap for excluding magnetic
flux from the gap: wherein said pole portions and
superconductor layer define a throat portion of the
head which terminates at a surface adapted to be
disposed adjacent to the magnetic recording me-
dium whereby said layer of superconductor ex-
cludes magnetic flux from the gap thereby reinforc-
ing a fringing field emanating from the pole por-
tions of said core which impinges on the magnetic
recording medium.

14. A magnetic recording head according to
claim 13, wherein the thickness of said core is
reduced at a trailing pole portion of said core, and
wherein the head further comprises a layer of
superconductor material located on a face of the
trailing pole portion of said core opposite the gap,
whereby the fringing field of the head is con-
centrated at an exposed face of the trailing pole
portion to restrict spreading of magnetization of the
magnetic medium in the direction of movement of
the medium.

15. A magnetic recording head according {o
claim 13, further comprising a layer defining at
least one channel for conducting a refrigerant in the
vicinity of the throat to maintain the superconduc-
ting layer at a temperature at which it exhibits the
Meissner effect.
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